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Abstract 
This article aims to describe a method regarding the selection of technical solutions for thermal and energy rehabilitation and 
modernization of buildings, for this purpose the TOPSIS method being used. In this article we also included a case study 
concerning the use of TOPSIS method in case of energy audit for buildings.  The article concludes that TOPSIS may be used for 
energy audit projects for buildings. Based on the article’s conclusions, we are making proposals in order to improve the actual 
legislation in the field of building energy audit. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
1.1. Context 
As climate is changing and fossil fuel deposits are constantly diminishing, lowering energy consumption has 
become an important objective of the European Union states, including Romania. In order to achieve this goal, a 
series of legislative measures have been developed, their target being to limit energy consumption [1]. 
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Buildings are responsible for 40-45 % of the total energy consumption in Europe and China (and for about 30-
40% worldwide) [2]. 
It is well known that a major objective of all states is to decrease the energy consumption in order to protect the 
natural resources, and directly related to this aspect, to decrease the CO2 emissions in the atmosphere. These are also 
the objectives set in Directive no. 2010/31/UE on the energetic performance of buildings. This directive was 
transposed into the Romanian legislation in Law no. 372/2005 [3-4]. 
1.2. The current stage of international research 
The 2020 EU climate and energy policy package sets a series of objectives for the EU, known as the “20-20-20 
targets”, namely: 
• a 20 % reduction in EU greenhouse gas emissions from 1990 levels; 
• raising the share of EU energy consumption produced from renewable resources to 20 %, as well a a target of 
10% bio-fuels in the transportation energy consumption; 
• a 20 % reduction of the primary energy consumption, to be accomplished by improving energy efficiency, as 
compared to the level that would have been reached by consumption without these measures [5].  
Out of the total final energy consumption from the EU, the buildings from the residential and tertiary areas of the 
Member States consume 40.7 %, occupying the first place, before transports and industry [6]. 
In this article it is presented the selection of the technical solutions in case of energy audit of buildings, using 
TOPSIS. 
The English word „audit” stands for book keeping review, balance sheet or finding. Within the framework of the 
sustainable development commitments, the energy audit was introduced in the USA in 1997, as a requirement for 
obtaining State subsidies granted within the Energy Conservation Project (SSEP), and then in order to guarantee 
loans. At present, the energy audit means the identification and the quantification of the energy consumption from a 
certain physical unit (industry, building, installation) [7]. 
The acronym comes from the initials of its name: Technique for Order Preference by Similarity to Ideal Solution 
[8]. TOPSIS method was developed by C.L. Hwang and K. Yoon, in 1981, as an alternative to the Electre method 
[9-11]. 
This method is based on the concept that the optimal decision must be as closed to the most advantageous 
solution as possible and as distant to the most disadvantageous solution as possible. The closeness or the distance is 
taken into account as the geometric distances between the characteristics. For a maximizing characteristic, the most 
advantageous value is the greatest one, and the most disadvantageous value is the smallest one. For a minimizing 
characteristic, things are the other way around [8].  
TOPSIS method has been largely used in the foreign scholarly literature: [12-16].  
1.3. The current stage of Romanian research 
Low thermal protection of Romanian buildings leads to about a double energy consumption as compared to the 
EU States, with direct consequences on the high level of pollutants [17-18]. 
In this context, Romania officials started a thermal and energetic rehabilitation and modernization program, for 
buildings constructed before 1990, and this program must be finalized by 2030 [19].  
If the thermal and energetic rehabilitation and modernization works for buildings are financed from public funds, 
then the specific energy consumption of heating systems must decrease under 100 kWh/m2/year [20].  
In Romania too, several papers approaching the TOPSIS method have been published, and we would like to 
mention the following [9-10,21-22].  
1.4. The purpose described in the article 
Considering the important amounts of money budgeted by the State for the rehabilitation of the residential 
buildings as well as of the administrative buildings, one must use a scientific method in order to select the energy 
audit solutions for buildings.  
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This article aims at filling in the emptiness on the building energy audit, when it comes to selecting the building 
energy modernization and rehabilitation solutions, as well as in relation with the performance of the sensitivity 
analysis of energy audit projects, using TOPSIS. 
Therefore, the purpose of the article is to help the designer, the beneficiary and the public authorities in selecting 
the technical solutions during the design stage of the energy audit of buildings. 
1.5. The added value of the present article 
Based on the article’s conclusions, we are making proposals in order to improve the actual legislation in the field 
of building energy audit. 
2. Calculation methodology 
TOPSIS method provides the normalization of the consequence matrix and the determination of the distances to 
the ideal solution and to the most unfavorable alternative; the decision alternative with the smallest distance to the 
ideal solution and to the greatest distance to the most unfavorable solution is considered to be the multicriterial 
optimum [10]. 
The TOPSIS method is carried out as follows: 
Step 1: Create the alternatives matrix. Basically, the alternative matrix comprises a list of the technical solutions 
proposed by the designer. 
Step 2: Create the criteria matrix. Basically, the criteria matrix comprises the list of the chosen criteria in order to 
select the optimal technical solution. 
Step 3: Create the consequences matrix. The consequence matrix shall practically contain the results of the 
technical alternatives for each decision criterion. 
Step 4: Determine the weight of the performance assessment criteria. In order to determine the criteria weight, 
one shall use the matrix method. 
Step 5: Create the normalized matrix. The calculations specific to the TOPSIS method, namely steps five to nine, 
shall be performed based on the calculation relations presented in the scholarly literature [8-10,16,21,23-26]. 
At step five, one shall determine the normalized table by converting the Cij consequences in the CNij normalized 
values, according to the formula: 
2
1
n
ij
j
CNij Cij C
=
= ¦    (1) 
Where i = 1, m (m representing the total number of assessment criteria); j = 1, n (n representing the total number 
of alternatives to analyze). 
Step 6: Create the weighted normalized matrix. At step six, one shall make the weighted normalized table by 
multiplying the normalized values with the importance weights (pj) awarded by the decision-maker to each 
characteristic: 
CNP p CNij j ij= ⋅   (2) 
Step 7: Determine the ideal alternative and the negative ideal alternative. At step seven one shall determine, for 
each characteristic used for taking the decision (j from 1 to n), the most advantageous characteristic (the ideal 
positive one) Cj+, namely the most disadvantageous characteristic (the ideal negative one) Cj-. In order to do this, 
one shall take into account the type of that respective characteristic (a maximizing one or a minimizing one): 
• for maximizing characteristics: 
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• for minimizing characteristics: 
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Step 8: Determine the square deviation of the characteristics as opposed to the most advantageous characteristic 
and to the most disadvantageous characteristic respectively. At step eight, for each decision alternative one must 
determine the square deviation of the characteristics towards the most advantageous characteristic and towards the 
most disadvantageous one respectively: 
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Step 9: Calculate the relative exactness in relation with the ideal solution. At step nine, one shall rank each 
decision alternative in relation with the ideal solution. The best alternative is the one obtaining the best Ci* score. 
* i
i
i i
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+ −
=
+
   (7) 
The alternative relation shows that any alternative located at the shortest distance to the ideal solution is certainly 
located at the longest distance to the ideal-negative solution. 
Since Si- ı 0 and Si+ ı 0, then, clearly, Ci ȯ [0, 1] [27-28]. 
Step 10: Perform the sensitivity analysis, by modifying the consequences of the weights. The sensitive analysis is 
based on the fact that at certain point, only one coefficient of the objective function varies, while the other ones 
remain at the initial values [29]. 
The sensitivity analysis is made by modifying the values of the consequences corresponding to the alternatives as 
well as the weight of the decision criteria, in order to determine how well is the optimum technical solution resisting 
to the successive changes of consequences or of importance coefficients.  
Step 11: Determine the solutions ranking. The rank of the technical solutions shall be made according to the 
decreasing order of the values Ci* [9,22].  
3. Case Study 
Further on, we shall present a multicriterial analysis application on the energy audit of a block of flats, located in 
Cluj-Napoca City. The construction consists of underfloor, first floor and 4 floors, it is composed of 2 buildings, it 
has 30 apartments, and the useful heated area is of 1778.92 square meters. 
Step 1: Create the alternatives matrix. In order to determine the effects of the construction’s energy rehabilitation 
and modernization measures, the solutions were taken into account both individually and as sets of measures. We 
proposed three sets of measures, namely: 
• a minimal one; 
• an average one; 
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• a maximal one. 
The list containing the proposed measures is synthetically presented in the table 1. 
Table 1. Alternatives’ matrix. 
No. Variant Package’s Work Category 
   Name  Construction Works Plumbing Works Connective Works 
1 V1 Minimal 
package 
of 
measures 
- Supplementary thermal 
insulation for front side, 
using 10 cm cellular 
polystyrene; 
- Repairing the thermal 
insulation of the heating agent 
distribution pipes from the 
basement; 
- Taking out and re-installing natural 
gas pipes located on the front sides of 
buildings; 
      
- New exterior windows 
with climate comfort glass; 
- Repairing the thermal 
insulation of the hot water 
distribution pipes from the 
basement; 
- Taking out and re-installing 
telephone, cable and internet network 
located on the front sides of 
buildings. 
      
- New exterior doors with 
climate comfort glass. 
- Obtaining and installing 
thermostatic mixing valves for 
static heating units;   
        
- Obtaining and installing heat 
cost allocators for static heating 
units;   
        
- Automating apartment heating 
units so that they can function in 
idle mode during the night or 
when the owners are not at 
home.   
2 V2 Average 
package 
of 
measures 
- Supplementary thermal 
insulation for front side, 
using 12 cm cellular 
polystyrene; 
- Repairing the thermal 
insulation of the heating agent 
distribution pipes from the 
basement; 
- Taking out and re-installing natural 
gas pipes located on the front sides of 
buildings; 
      
- New exterior windows 
with climate comfort glass; 
- Repairing the thermal 
insulation of the hot water 
distribution pipes from the 
basement; 
- Taking out and re-installing 
telephone, cable and internet network 
located on the front sides of 
buildings. 
 
  
 
  
- New exterior doors with 
climate comfort glass. 
- Obtaining and installing 
thermostatic mixing valves for 
static heating units;  
        
- Obtaining and installing heat 
cost allocators for static heating 
units;   
        
- Automating apartment heating 
units so that they can function in 
idle mode during the night or 
when the owners are not at 
home. 
  
 
 
 
 
                                                                                                                              (Table 1 continuation ) 
No. Variant Package’s Work Category 
   Name  Construction Works Plumbing Works Connective Works 
3 V3 Maximal 
package 
of 
measures 
- Supplementary thermal 
insulation for front side, 
using 15 cm cellular 
polystyrene; 
- Repairing the thermal 
insulation of the heating agent 
distribution pipes from the 
basement; 
- Taking out and re-installing natural 
gas pipes located on the front sides of 
buildings; 
      
- New exterior windows 
with climate comfort glass; 
- Repairing the thermal 
insulation of the hot water 
distribution pipes from the 
basement; 
- Taking out and re-installing 
telephone, cable and internet network 
located on the front sides of 
buildings. 
      
- New exterior doors with 
climate comfort glass. 
- Obtaining and installing 
thermostatic mixing valves for 
static heating units;   
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- Obtaining and installing heat 
cost allocators for static heating 
units;   
        
- Automating apartment heating 
units so that they can function in 
idle mode during the night or 
when the owners are not at 
home.   
        
- Installing low flow mixer 
showers;   
    
- Installing low flow basin mixer 
taps;  
        
- Installing low flow sink mixer 
taps.   
 
Step 2: Create the criteria matrix.  In the case study, we set the following objectives: minimizing total investment 
expenses, criterion C1; maximizing the reduction of the updated net value (ǻVNA) corresponding to the investment, 
criterion C2; minimizing the period of recovery of the supplementary investment “Tr”, criterion C3; minimizing the 
cost of saved unit of energy “e”, criterion C4; minimizing the monthly installment “rc”, criterion C5.  
In Table 2 it is presented the decision-making criteria proposed for choosing the technical solutions concerning 
the thermal and energetic rehabilitation and modernization of the building and its installations, object of this study. 
Table 2. Criteria matrix. 
No.  Criterion Criterion’s name Optimization is done by M.U. 
1 C1 Total investment expenses minimization euro 
2 C2 VNA discount maximization euro 
3 C3 Investment recovery period minimization year 
4 C4 Cost of saved unit of energy minimization euro/kWh 
5 C5 Beneficiary affordability of the monthly installment minimization lei/month ap. 
4. Results and discussions 
After performing the calculations, we obtain the following values (Table 3) for the consequences of the analyzed 
alternatives. 
Then we go through steps 4 to 7, and then at step 8 we calculate the squared deviation of characteristics compared 
with the most advantageous characteristic using the formula no. 5, and then the results are presented in Table no. 4. 
At step 8 we also calculate the squared deviation of characteristics compared with the most disadvantageous 
characteristic using the formula no. 6, and then the results are presented in Table no. 5. 
 
Table 3. Consequence matrix. 
 
Table 4.  Square deviation of the characteristics towards the most 
advantageous characteristic. 
Variants Criteria      No. Variants Si+ 
 C1 C2 C3 C4 C5  1 V1 0.0151 
V1 160,172 92,679 13.55 0.03843 78.01  2 V2 0.0134 
V2 164,503 95,714 13.53 0.03835 80.12  3 V3 0.0141 
V3 181,643 115,205 13.14 0.03712 88.47     
 
The relative exactness in relation with the idea solution is determined with formula no. 6, and afterwards one rank 
each decision alternative in relation with the ideal solution, and the result is the one presented in Table 6. 
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Table 5.  Square deviation of the characteristics towards the 
most disadvantageous characteristic. 
 
Table 6.  Relative exactness in relation with the idea solution. 
No. Variants Si-   Average Place 
1 V1 0.0141  C1* = 0.4842 2 
2 V2 0.0115  C2* = 0.4616 3 
3 V3 0.0151  C3* = 0.5158 1 
 
According to the data presented in the table above, alternative no. 3 is on the 1st place, alternative no. 1 is on the 
2nd place and alternative no. 2 is on the 3rd place. 
Now, one can decide which alternative is the most suitable, based on the order of the priority rank of Ci*. 
Consequently, the best alternative is the one placed at the shortest distance towards the ideal solution. The alternative 
report shows that any alternative placed at the shortest distance to the ideal solution is certainly placed at the longest 
distance to the ideal-negative solution [9]. The solution ranking is as follows: V3, V1, V2. Therefore, alternative 3 is 
on the first place, alternative 1 is on the second place and alternative 2 is on the third place. 
5. Conclusions 
Conclusions derived from the article: the discussed solution ranking is as follows: V3, V1, V2, where alternative 
3 is the most suitable, while the alternative 2 is the less suitable.. 
Contribution of the present work synthesis: practically, the article comes to fill in the emptiness existent in the 
legislation on the building energy audit, in matters related to the selection of building energy rehabilitation and 
modernization, as well as in matters related to the performance of the sensitivity analysis of energy audit projects, 
using for this purpose the TOPSIS method. 
The possibility of practical use of the study results: the conclusions of this study are useful both for the specialists 
who want to obtain the energy auditor license for buildings as well as for elaborating energy audit projects for 
buildings. 
From the above facts, it results that the TOPSIS method may be used for building energy audit projects.  
Outlook: in order to automate the calculations, we recommend the use of spreadsheets based applications or of 
specialized software dedicated to TOPSIS method. Based on the article’s conclusions, we are making proposals in 
order to improve the actual legislation in the field of building energy audit. 
References 
[1] Ionescu AM. Cercetări privind consumul de energie pentru climatizarea clădirilor (Research works on the energy consumption for buildings’ 
acclimatization) [PhD thesis]. Bucureúti: Universitatea Tehnică de ConstrucĠii Bucureúti; 2011. p. 6. 
[2] Day AR, Ogumka P, Jones PG, Dunsdon A. The use of the planning system to encourage low carbon energy technologies in buildings. 
Renewable Energy 2009; 34(9):2016-21. 
[3] Constantinescu D, Perianu C, Petran H, Petcu C. Estimarea analitică a performanĠei energetice a clădirilor de locuit existente - metoda 
simplificată (Analytical Assessment of the Energy Performance of Existent Residential Buildings - the Simplified Method). Revista 
ConstrucĠii 2008; 2:26. 
[4] Legea nr. 372/2005 privind performanĠa energetică a clădirilor (Law 372/2005 on the energy performance of buildings). 
[5] Strategia energetică a României pentru perioada 2007 - 2020 actualizată pentru perioada 2011 - 2020 (Romania’s energy strategy for 2007 - 
2020 updated for 2011 - 2020); 2007. 8 p. 
[6] Mlădin E-C, Georgescu M, Dutianu D. EficienĠa energiei în clădiri - situaĠia în România úi acquis-ul comunitar (Energy efficiency of 
buildings - the situation in Romania and the community acquis) [Internet]. 2003 [updated 2003; cited 2015 September 19]. Available from: 
https://www.scribd.com/doc/239065161/Eficienta-Energetica-La-Cladiri. 
[7] Radu A. Terminologie specifică pentru dezvoltarea durabilă (Specific terminology for sustainable development). In: ğăranu N, Adrian Radu 
A, Ciongradi I, Mateescu T, editors. Dezvoltarea durabilă în construcĠii civile sub impactul modificărilor climatice, preĠului crescând al 
energiei úi riscului seismic. Iaúi: Politehnium; 2006. 
[8] ùuteu S. Modele de fundamentare a deciziilor. Suport de curs (Models for Substantiating Decisions. Lecture) [monograph online]. Cluj-
Napoca: Universitatea Tehnică din Cluj-Napoca; 2007. p. 17-8 [cited 2015 June 17]. Available from: NetLibrary. 
796   Ioan Giurca et al. /  Procedia Technology  22 ( 2016 )  789 – 796 
[9] Ciocalteu SCF. Managementul modernizării armatei în procesul de aderare a României la structurile de securitate europene úi euroatlantice 
(Army Modernization Management in the Process of Romania’s Joining the European and Euro Atlantic Security Structures) [PhD thesis]. 
Bucureúti: Academia de Studii Economice din Bucureúti; 2006. p.144-8. 
[10] Jantea L, Sacal B, Badescu AV. A fuzzy approach of multi-criteria decisions. In: Roman M, editors. The Fourth International Conference on 
Economic Cybernetic Analysis: Global Crisis Effects on Developing Economies. Bucharest: Editura ASE; 2009. p. 649-57. 
[11] Ravesh MHS, Zehtabian G, Ahmadi H, Khosravi H. Using Analytic Hierarchy Process method and ordering technique to assess de-
desertification alternatives. Case study: Khezrabad, Yazd, Iran. Carpathian Journal of Earth and Environmental Sciences 2012; 7(3):51-60. 
[12] Abo-Sinna MA, Amer AH. Extensions of TOPSIS for multi objective large-scale nonlinear programming problems. Applied Mathematics 
and Computation 2005; 162:243-56. 
[13] Jee DH, Kang KJ. A method for optimal material selection aided with decision making theory. Materials and Design 2000; 21:199-206. 
[14] Olson DL. Comparison of weights in TOPSIS models. Mathematical and Computer Modelling 2004; 40:721-7. 
[15] Opricovic S, Tzeng GH. Compromise solution by MCDM methods: A comparative analysis of VIKOR and TOPSIS. European Journal of 
Operational Research 2004; 156:445-55. 
[16] Rouhani S, Mehdi G, Mostafa J. Evaluation model of business intelligence for enterprise systems using fuzzy TOPSIS. Expert Systems with 
Applications 2012; 39:3764-71. 
[17] Marusciac D, Pleúa S. Confortul higrotermic úi economia de energie la clădirile civile existente (Hydro-thermal comfort and energy savings 
in the existent residential buildings). Revista StiinĠe úi inginerie 2011;283-90. 
[18] Giurca I. ContribuĠii privind alimentarea cu energie termică a ansamblurilor de locuinĠe, utilizând agenĠi termici cu parametrii scăzuĠi 
(Contributions to thermic energy supplies of building assemblies by using thermic agents with low parameters) [PhD thesis]. Cluj-Napoca: 
Universitatea Tehnică din Cluj-Napoca; 2009. 
[19] Strategia NaĠională pentru Dezvoltare Durabilă a României Orizonturi 2013-2020-2030 (Romania’s National Sustainable Development 
Strategy horizons 2013-2020-2030); 2008. 
[20] Ordinul Ministrului Dezvoltării Regionale úi LocuinĠei nr. 163 din 17 martie 2009 Ordin pentru aprobarea Normelor metodologice de 
aplicare a OrdonanĠei de urgenĠă a Guvernului nr. 18/2009 privind creúterea performanĠei energetice a blocurilor de locuinĠe (Order 
approving the Methodological Norms for the application of Government Emergency Ordinance no. 18/2009 on increasing the energy 
efficiency of residential buildings). 
[21] Dolga V. Proiectarea sistemelor mecatronice (Designing Mechatronics Systems) [monograph online]. Timiúoara: Universitatea Politehnica 
Timiúoara, 2011. p. 13-14. [cited 2015 June 17]. Available from: NetLibrary. 
[22] Prejmerean V. Sisteme pentru fundamentarea deciziilor (Systems for Substantiating Decisions) [internet]. Cluj-Napoca: Universitatea Babeú 
Bolyai; 2012. Cursul  5 Teoria Deciziilor (Course 5 Decisions). p. 13. [cited 2015 June 17]. Available from: 
http://www.cs.ubbcluj.ro/~per/Dss/Dss_5.pdf. 
[23] Ashtiani B, Haghighirad F, Makui A, Montazer GA. Extension of fuzzy TOPSIS method based on interval-valued fuzzy sets. Applied Soft 
Computing 2009; 9:457-61. 
[24] Mazza A, Chicco G. Application of TOPSIS în distribution system multi-objective optimization. Buletinul AGIR 2012; 3:625-34. 
[25] Vahdani B, Mousavi SM, Tavakkoli-Moghaddam R. Group decision making based on novel fuzzy modified TOPSIS method. Applied 
Mathematical Modelling 2011; 35:4257-69. 
[26] Wedagama DMP. Determining Regencial Road Handling Priority Using Fuzzy Analytic Hierarchy Process (FAHP) and TOPSIS Method 
(Case Study: Badung Regency - Bali). Jurnal Teoretis dan Terapan Bidang Rekayasa Sipil 2010; 17(2):143. 
[27] Chamodrakas I, Alexopoulou N, Martakos D. Customer evaluation for order acceptance using a novel class of fuzzy methods based on 
TOPSIS. Expert Systems with Applications 2009; 36:7409-15. 
[28] Gumus AT. Evaluation of hazardous waste transportation firms by using a two step fuzzy-AHP and TOPSIS methodology. Expert Systems 
with Applications 2009; 36:4067-74. 
[29] Rusu A. Cercetări operaĠionale (Operational Researches) [monograph online]. Iaúi: Universitatea Tehnică ,,Gheorghe Asachi’’ din Iaúi; 
2007. p. 58 [cited 2015 June 17]. Available from: NetLibrary. 
